A comparative analysis of the forest growth features of low-productive grey forest sandy soils of the Polissia, the Forest-Steppe and the Northern Steppe of Ukraine was performed. Although grey forest soils from different natural zones are distinguished in the genesis of their soil rocks, as well as typical and zonal belongings, at the same time they are united by an important general characteristic, light texture, determining the similarity of physical, physico-chemical and agrochemical indicators and, in general, forest site capacity. A package of markers to assess the forest site capacity of sandy soils (pine habitats) with such soil quality indicators as the content of physical clay, the coarseness of the humified layer of soil profile and K2O content was revealed.
Introduction
Problems related to the study of the properties of forest soils and their influence on the productivity of forest stands and the determination of tree-growing potential of forest habitats have always been important areas of study in silvics and forest soil science done by many domestic and foreign researchers (Zonn, 1987; Karpachevsky, 2004; Bautista-Cruz, 2012; Błońska, 2013; Medvedev, 2006; Lisnyak, 2013) . The fact that the knowledge and acceptance of soil properties predestines the landscape for different ways of its use is mentioned also in the papers by Vilcek & Koco (2018) , Vilcek (2011 , 2013a ), and Vilcek et al. (2019 . Since the afforestation on low-productive sandy soils is a difficult task due to the harsh, mostly extreme conditions for tree species, its effectiveness depends on many factors, in particular the objective determination of the level of land usability for afforestation. In Ukraine, for the assessment of forest site capacity and edaphic conditions of habitats, the method of phytoindication (by species composition and productivity of forest phytocoenoses) is used. Its essence is reflected by a classification scheme of forests and forest habitats, Alekseev-Pogrebnyak edaphic grid of habitats. However, in artificially grown forests of natural zones, in particular in the Steppe one, where forest vegetation is azonal, the set of plant indicators is mainly limited by the state of tree stands, and in treeless areas, by characteristics of grass vegetation (species composition, projective cover), which are not always effective. Thus, the most informative and objective indicator of the forest site capacity are soil properties. Numerous unsuccessful attempts to afforest sandy soils make it necessary to study them and determine markers of the relevance for forest cultivation (Tokavchuk 2011; Rogovsky 2008) . Work Objective: to determine diagnostic indicators (and their quantitative parameters) for the assessment of the level of relevance for forest cultivation of low-productive sandy soils transferred for afforestation to forestry enterprises in the Polissia, the Forest-Steppe and the Northern Steppe of Ukraine.
Materials and methods
The subjects of research are lands transferred to forestry enterprises for afforestation in the Polissia, the Forest-Steppe and the Northern Steppe of Ukraine. The study of soil relevance for forest cultivation was based on the principles of forest typology and comparative ecology using the methods of phytoindication, as well as field and analytical laboratory methods of soil investigation. Soil characteristics were determined in compliance with the following national standards of Ukraine: watersoluble ions in soils (DSTU 26425-85), pH (DSTU ISO 10390:2007) ; granulometric composition (DSTU 4730:2007) , values of actual and potential acidity (DSTU 7537:2014), total humus content (DSTU 4289:2004) and the common forms of NPK (GOST 26715-85, GOST 26717-85 and GOST 26718-85) . The collection and preparation of soil samples for analyses was carried out according to GOST 28168-89 and DSTU ISO 11464-2001 . Statistical processing of the obtained results was performed by the method of analysis of variance with the aid of MS Excel. To achieve this goal, the following tasks were solved: combining with the state of forest plantations established during different years on low-productive sandy soils of varying levels of development, forest growth features of these soils were studied. On this basis, the markers of their relevance for forest cultivation were determined.
Results
We performed a comparative analysis on the most common soils of light texture in Ukraine, namely grey forest soils on fluvioglacial / glacial sands, which are zonal soils of the Polissia, and grey forest soils on ancient alluvial sands formed in the Forest-Steppe and the Northern Steppe, where mainly a pine series of habitats is developed. It should be noted a sufficient similarity of the particle size distribution (granulometric composition) of the studied soils in almost all fractions, with the exception of the coarse dust fraction, in which the greatest difference was found (Table 1) . So, the Polissia soils are characterized by its maximum content, 5.4%, whereas in the Forest-Steppe the content is reduced to 2.9%, that is, almost half, and in the Northern Steppe its content is reduced to 1.5%, or about 1/4 th what was seen in Polissia soils. The increased content of coarse dust in the soils of the Polissia indicates active destruction of mineral grains (primarily feldspar), which accumulate in this fraction (Pogozhev, 2006) . In areas of insufficient moisture, the Forest-Steppe and especially the Northern Steppe, this process slows down. Grey forest soils of the Forest-Steppe are characterized by the maximum content of physical clay, 7.1%, which is 15% higher than in the soils of the same type in the Northern Steppe and is 14% higher than in the grey forest soils in the Polissia. As to acidity, all the soil types studied, regardless of their zonal belonging, are characterized by a weakly acidic reaction of the medium with the same average actual acidity, pH = 5.1, and potential (exchangeable) acidity, pH = 4.2 (Table 2) over the soil profile. Another indicator, the content of total phosphorus, is identical in the studied soil types, 0.04%. Among the main nutrients (NPK), its content is the lowest, which proves the extreme poverty of light texture soils for phosphorus compounds. For the remaining indicators (coarseness of the humified layer of the soil profile, the contents of humus, nitrogen and potassium), there is a difference among the soils of the regions (Table 3) . Humus content in grey forest soils of the Forest-Steppe and the Northern Steppe is almost twice as high as in the Polissia soil, and the coarseness of humified layer of soil profile and potassium and nitrogen contents are higher by 45, 32 and 20%, respectively. The difference in these indicators is primarily due to the peculiarities of the natural climatic conditions, in which the types of studied soils have been developed. The conditions typical for the Polissia are lowland terrain, temperate continental climate with warm and humid summers and mild winters, significant watering of the territory owing to a dense river network with wide valleys, the dominance of washing type of soil water regime, which causes an active process of destruction and leaching organic and mineral substances from the soil profile. That is why Polissia grey forest soils, compared with the soils of the Forest-Steppe and the Northern Steppe, are marked by a slightly lower trophic level, at the same time they are better supplied with moisture, as a result of which its forest site capacity become level.
The similarity of productive capacities of these soils is evidenced by their forest growth effect, that is, the formation of fairly productive pine forests on them. Note that a sufficient supply of soil moisture during the growing season is a more important factor affecting the productivity of pine forests than deficiencies of several nutrients. This is determined, on the one hand, by the general exactingness of tree species on soil moisture, and on the other, to the high tolerance of Scots pine, Pinus sylvestris, to low habitat trophicity. Thus, despite the fact that the studied soils differ in type and zonal belongings, as well as the genesis of their soil rocks, they are united by a very important general characteristic, light texture, determining the similarity of their forest site capacity. 
Source: Survey data 2018
Let us consider the relationships among the content of physical clay (PC) and a number of soil quality indicators (coarseness of the humified layer of soil profile, humus content, the general forms of NPK and pH value). In both types of soil, a close correlation was found for total potassium and coarseness, a moderate one for humus and a weak one for nitrogen and pH. The relationship of phosphorus with physical clay content in sod-podzolic soils is weak, and in soddy podzolized soils is moderate (Table 4) . Close connection between the average values of the content of physical clay and the coarseness of the humified layer of the soil profile (r = 0.73) for both types of the studied grey forest soils (on fluvioglacial sands and ancient alluvial sands), as well as between the average values of physical clay and total potassium (r = 0.76) allowed us to conduct a regression analysis between these indicators, the results of which are shown in Table 5 . Consequently, an increase in physical clay content in soils of light texture by 1% (within PC content range from 3.6 to 20.9%) contributes to the growth of coarseness of the humified layer by 5 cm and the total potassium content by 0.01% (see Table 5 ). Total potassium content varies in the range of values from 0.012 to 0.055%, and the coarseness of the humified layer of the soil profile varies from 10 to 91 cm.
Discussion
The productivity of pine plantations is most influenced by the properties of the 0-60-centimeter layer of soil, which combines the humus-eluvial and partially the transitional horizons to the soil rock. This dependence is particularly and clearly seen in the Polissia and is determined by the better supply of nutrients to the accumulative horizons. It is clear that the soil processes associated with the synthesis, transformation and accumulation of organo-mineral substances are the most intensive in the humus horizons of the soil, and the main element of their absorption is clay minerals that make up the fraction of physical clay. In climatic zones with a pronounced seasonal deficit of soil moisture (the Forest-steppe and especially the Northern Steppe) and the non-washing type of soil water regime, as a result of which the leaching of nutrients outside the soil profile turns out to be quite moderate, the height of pine plantations is influenced by clay content in the soil layer which is deeper than half a meter (65-80 cm). That is, the deeper the saturation of the soil profile with clay particles with better water-retaining capacity than in sandy ones, the higher the increase in the productivity of pine stands in the abovementioned natural zones. A generalization of the data showed that in fresh conditions of moisture, regardless of the type of soil and natural zone, there is a straightforward close relationship between the height of pine trees and the content of physical clay in the upper 60-cm layer of light soils, brought to 99.9% probability. In such a way, the productivity of pine forests, which in Ukraine are mainly formed on sandy soils, depends on their clay content. Thus, an increase in the content of physical clay in the soil layer of 0-60 cm by 1% (within PC content between 4.2 and 16%) contributes to an increase in the height of pine stands (at the age of 70 years) by 1.2 m. The increase in productivity of stands is due to a better ability of sandy soils containing more clay to accumulate more moisture and nutrients compared to pure quartz sand. Moreover, in different natural zones, the emphasis on the influence of clay particles on the productivity of pine forests is changing. In areas with a pronounced seasonal moisture deficit (the Forest-Steppe and the Northern Steppe), the ability of clay particles to accumulate moisture is a determining factor in increasing the height of tree stands, while in areas of sufficient moisture (the Polissia), such determining factor is their ability to accumulate nutrients. The content of physical clay particles is one of the main markers of forest site capacity regarding soils with light texture. In light soils, the physical clay content is functionally related to such indicators as the coarseness of the humified layer and total potassium content (see Table 5 ), which in turn also affect the productivity of pine stands. At the same time, if physical clay content in sandy soils of various natural zones is very similar (the difference between the types is only 0.4-0.6%), then they differ in the coarseness of the humified layer and the potassium content. Ancient alluvial and fluvioglacial sands, which are mainly soil-forming rocks for the studied soils, were formed under the influence of water flows and passed through the hygromorphic stage of development (as evidenced by ferruginous horizons and other signs of gleying). They are characterized by very similar particle-size distribution, in particular, the content of physical clay. As for potassium, its content depends not only on the total amount of clay particles but also on the mineralogical composition of sands and the modern soil water regime, which differ significantly in different natural zones. The humus content of the soil profile is determined by even a greater number of factors (a sufficient amount of phytomass, its species composition, the duration of optimal humufication conditions, the mineralogical and granulometric composition of soil-forming rocks, the composition of exchangeable cations in the SCEC (soil-colloidal absorbing complex), the composition and activity of microbiocenosis, etc.) are closely related to zonal climatic, geomorphological and orographic conditions, human influence, etc. That is why potassium content and the coarseness of the humified layer of soil profile in sandy soils of different zones differ, which causes a weakening of their relationships with the productivity of pine stands when summarizing the data, but these relationships remain reliable. Despite the fact that the studied types of sandy soils differ in the content of total potassium and the value of the coarseness of the humified layer, at the same time they are characterized by a similar forest growth effect, which is manifested by a rather high productivity (on average from the II to the higher growth classes) of pine stands. Notice that within certain TGC (typological forest growth conditions) the nature of changes in these indicators is unidirectional and regular, and their correlation with the productivity of pine stands is statistically valid (at 99.9% probability level), which confirms the correctness of the choice of these indicators as markers of forest site capacity of light texture soils. In such a way, forest site capacity of grey forest soils with light granulometric composition forming the pine series of habitats in Polissia, the Forest-Steppe and the Northern Steppe increases progressively as: shifting the particle size distribution in the system of 'soil-subsoil' in the transition from sand to claysand and light sandy loam, increasing the coarseness of the humified layer and the content of the general form of K2O. The increase in forest site capacity of the soils is accompanied by an increase in the productivity level of pine stands on average by one growth class, from the II to the I (Ia) one. The works by Vilček (2008 Vilček ( , 2013b , Vilček & Torma (2016a , 2016b . Torma et al. (2014 Torma et al. ( , 2018 , Vilček et al. (2013) present the need to analyze soil properties and landscape parameters. Conclusion Some of the common types of sandy soils in Ukraine, where the pine series is developed, are grеy forest soils on fluvioglacial (glacial) sands in the Polissia and grey forest soils on ancient alluvial sands in the Forest-Steppe and the Northern Steppe. These soils, due to their light texture, are characterized by a generally low level of agronomic site capacity, unlike forest soils, which are quite sufficient to provide normal and even high energy growth of oligotrophic tree species, especially Scots pine and European white birch, Betula pubescens, reaching a significant level of productivity on these soils (from the II to the higher growth classes). The grey forest soils of the Polissia, the Forest-Steppe and the Northern Steppe, although they differ in the genesis of their soil-forming rocks, as well as in typical and zonal belongings, at the same time they are united by an important general characteristic, light texture, determining the similarity of physical, physico-chemical and agrochemical indicators and, in general, forest site capacity. The package of markers for assessing the forest site capacity of sandy soils (as pine habitats) under conditions of sufficient moisture level (the freshrather fresh forest types) includes the following soil indicators: physical clay content, the coarseness of the humified layer of soil profile and K2O content. These indicators of the soil quality are the main (most informative) indicators, but further additional indicators may ones be such as: humus content, Р2О5 and exchangeable cations, of which, Ca 2+ will come first of all. 
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